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A. My illustration explains why Verizon VA’s investment risk is large under the UNE 

regime and accompanying TELRIC standard. As shown by my illustration, the expected 

present value of Verizon VA’s revenues will be less than the present value of its TELRIC 

expenses plus investment. Whenever the present value of revenues is less than the 

present value of expenses plus investment, a company’s return on investment will be less 

than its cost of capital. Thus, Verizon VA’s expected rate of return on investment is less 

than its cost of capital. 

Don’t unregulated companies in competitive markets also face the risk that their 

returns on investment will be less than their cost of capital? 

Yes. Competitive companies always face some risk that their returns on investment will 

be less than their costs of capital. However, unregulated competitive companies also 

have a significant probability that they will earn a return on investment that exceeds their 

cost of capital. Moreover, unlike Verizon VA, unregulated competitive companies are 

free to set prices that reflect realistic assumptions regarding investment, expenses, and 

depreciation, and realistic estimates of the risks and costs of technological change. In 

addition, competitive companies can use realistic demand forecasts and, if those forecasts 

are exceeded, their revenues will be higher than expected. And unregulated competitive 

companies do not have an obligation to provide facilities to competitors under cancelable 

leases that by design arc intended to facilitate the transition by those competitors to 

alternative facilities or technologies. Unregulated competitive companies will not 

undertake investments when the expected rate of return on investment is less than their 

cost of capital. 

Q. 

A. 
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What does your illustration say about the value of the CLECs’ option to cancel their 

lease or renew their lease at lower rates? 

My illustration explains why the CLECs’ option to cancel or renew at lower rates is a 

valuable asset that the CLECs will have acquired from Verizon VA at zero cost if the 

value of the option is not built into the UNE rate. In short, when Verizon VA invests in 

its fixed network, while CLECs have a cancelable operating lease on the network, CLECs 

have valuable flexibility to reduce their expenses when new technologies become 

available. Of course, Verizon VA can only offer the CLECs this flexibility by incurring a 

fixed cost that restricts its own flexibility. Verizon VA will have no incentive to invest in 

network facilities, and CLECs will receive improper price signals, if the value of the 

CLECs’ option is not included in the price of the UNE. 

B. 

What methodology did you use to value the CLECs’ ability to cancel or renew their 

UNE lease at lower rates? 

I used the binomial option pricing methodology described in an article by Copeland and 

Weston, “A Note on the Evaluation of Cancellable Operating Leases,” published in the 

Summer 1982 issue of Financial Management and provided as Attachment 1. This 

methodology is widely employed by financial analysts to value the options that are traded 

in financial markets and is more flexible than its predecessor, the Black-Scholes model. 

It is based on the assumptions that ( I )  the value of the underlying asset can either 

increase or decrease at discrete points in time, and (2) lessees can exercise the option to 

renew the lease at lower rates or cancel altogether once they observe the new value of the 

underlying asset. In the context of my analysis of regulatory risk, the binomial option 

pricing methodology is conservative because it assumes that the value of the network can 

Description of Risk Premium Methodology 
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either increase or decrease, whereas, under TELRIC, the value of the network is likely 

only to decrease as new lower-cost technologies become available. 

Does your methodology apply regardless of whether the CLECs actually renew their 

lease at lower rates or cancel their lease and use alternative facilities or 

technologies? 

Yes. My methodology can best be thought of as a way to estimate the value CLECs 

receive from having the option to obtain UNEs at a lower lease rate whenever regulators 

reduce rates or to cancel altogether at any time. 

Please describe in more detail your methodology for calculating the regulatory risk 

premium associated with the UNE regime and the TELRIC standard. 

I estimated this regulatory risk premium in several steps. First, I used the same fonvard- 

looking investment, operating expenses, depreciation, and asset lives presented by 

Verizon VA in this proceeding. 

Second, I calculated the minimum lease payments that would allow Verizon VA 

to recover the TELRIC cost of its network investment, pay its operating expenses and 

taxes, and earn a fair rate of return on its network investment under the assumption that 

CLECs cannot renew or cancel their lease of network facilities. In short, the lease 

payments in this step were calculated as if the CLECs’ lease contract with Verizon VA 

were a financial lease rather than an operating lease. 

Third, I calculated the market value of the CLECs’ option to renew their lease at 

lower rates using the binomial option pricing methodology noted above and described in 

the Copeland and Weston article provided in Attachment 1 .  

1s  
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Fourth, using the value of the CLECs’ option as an input, I calculated the 

minimum lease payment that would allow Verizon VA to recover the cost of its network 

investment, pay its operating expenses and taxes, and earn a fair rate of return on its 

network investment when regulators periodically lower UNE rates. 

Finally, from this information, I calculated the regulatory risk premium required 

to compensate Verizon VA for some of the additional risk they incur under the UNE 

regime and the TELRIC standard. 

Please describe the data you obtained from Verizon VA. 

The data I obtained from Verizon VA are shown in Attachment 2. The data, which is the 

same that Verizon VA has presented as its TELRIC costs in this case, show that Verizon 

VA would have to invest more than $7 billion to reconstruct its telecommunications 

network in Virginia using the most efficient technology currently available, that its 

annual operating expenses would be almost $1.3 billion, and that the average life of this 

network would be approximately 14.1 years. 

How did you calculate the minimum lease payments that would allow Verizon VA to 

recover the TELRIC cost of its network investment, pay its operating expenses and 

taxes, and earn a fair rate of return on its network investment, under the 

assumption that the CLECs sign a non-cancelable financial lease for the use of 

Verizon VA’s network facilities? 

I calculated the lease payments by equating the present value of the cash inflows under 

the lease to the present value of Verizon VA’s cash outflows for investments, operating 

expenses, and taxes. Specifically, the calculation of the lease payments was made using 

the equation: 
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where: 
I 

TC 

Lt 

Dt 

0, 

T 

MV 

ATWACC 

investment in the network on total network basis 

composite corporate tax rate 

monthly lease payment 

monthly depreciation amount 

monthly operating expense 

number of months in life of asset 

salvage value of asset and 

after-tax weighted average cost of capital 

Using the data shown in Attachment 2 and my estimate of Verizon VA’s after-tax 

weighted average cost of capital,’’ Equation ( I )  can be solved for the unknown monthly 

lease payments. 

Why did you use Verizon VA’s after-tax weighted average cost of capital to discount 

lease cash flows in your analysis? 

I used Verizon VA’s after-tax weighted average cost of capital to discount lease cash 

flows because it best reflects the financing mix and cost rates that Verizon VA would 

need to use to finance its investment in the facilities required to provide UNEs. Since 

CLECs use the leasing of UNEs as a substitute for building and owning their own 

telecommunications facilities (or of using other alternative facilities or technologies), the 

after-tax weighted average cost of capital provides correct economic signals for the lease 

versus build decision. 

The after-tax weighted average cost of capital reflects the tax deductibility of interest. Thus, for example, 1 

if the interest rate is 7% and the tax rate is 50%, the after-tax weighted average cost of capital will reflect 3.5% 
interest. 
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Q. Some economists suggest that a financial lease is a substitute for debt financing 

rather than for a mix of debt and equity financing as you have assumed. In this 

application, why i s  it appropriate to assume a mix of debt and equity financing 

rather than pure debt financing? 

In this application it is appropriate to assume a mix of debt and equity financing because 

a company investing more than $7 billion to reconstruct Verizon VA’s network in 

Virginia could never finance this investment entirely with debt. Even if CLECs sign a 

financial lease that requires them to purchase UNEs at a fixed rate for the entire life of 

the network, there is no guarantee that CLECs could fulfill their contract. Indeed, 

Verizon VA would still face the considerable risk that CLECs would default on their 

lease payments due to bankruptcy. Verizon VA could only reduce its investment risk 

through a mix of debt and equity financing. A financial lease is really a substitute for 

owning an asset and is only a substitute for debt financing if the lessee could realistically 

finance the asset with debt if they did not lease the asset. In the case of a 

telecommunications network investment, it is simply unrealistic to assume that either the 

CLEC or Verizon VA could finance ownership of the network entirely with debt. 

How did you calculate the minimum lease payment that Verizon VA would have to 

charge if the CLECs can renew their UNE lease when a regulatory body sets lower 

rates? 

I calculated this minimum lease payment by equating the present value of the lease cash 

inflows to the sum of the present value of Verizon VA’s cash outflows for network 

investment, operating expenses, and taxes; and the value of the option to renew the lease 

A. 

Q. 

A. 
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at lower rates when rates are reset. Specifically, the calculation of the lease payment in 

this scenario was made using the equation: 

where PA is the value of the option to cancel, calculated according to CopelandWeston, 

and the remaining variables are defined as in Equation (1). 

How did you calculate the regulatory risk premium required to compensate Verizon 

VA for the additional risk they incur because CLECs can cancel their leases and 

regulators can lower UNE rates at any time? 

I calculated this regulatory risk premium by substituting the value of the lease payments 

(obtained from the previous step) into Equation (1) and solving for the after-tax weighted 

average cost of capital. The required regulatory risk premium is the difference between 

the required rate of return on the cancelable operating lease and the required rate of return 

on the financial lease. Using the Verizon VA data, the regulatory risk premium is 5.41%. 

Does this risk premium fully reflect the risks associated with the UNE regime and 

the accompanying TELRIC pricing standard? 

No. My risk premium only reflects the additional regulatory risk associated with the 

regulators' option to lower UNE rates at any time to reflect the lower cost of a 

hypothetical network using the then-most efficient available technology and the CLEC 

option to cancel. It does not reflect all of the risks associated with the TELRIC pricing 

standard, such as the optimistic expense and investment assumptions that are frequently 

used in implementing the TELRIC standard. In addition, my regulatory risk premium 

does not reflect the risk that under the TELRIC standard Verizon VA will be unable to 

recover the actual costs it incurs in building and operating its network. 
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1 Q. Does this conclude your testimony? 

2 A. Yes,itdoes. 
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A Note on the Evaluation of 
Cancellable Operating Leases 

1: 

Thomas E. Copeland and J. Fred Weston 

Tlrr ciwhurs le~~clr 61 Ilrr Crdrirur Sclruol cf Mirir~igniirtir rri rhr 
Uirivrrxiry ./ Cul~iriiiii 111 LIIX A i r ~ r k ~ s .  '? 

.d 

Many ccnlnl lliwrclical issucs oil long-icnn leuing . 
wcrc scttled by Miller and Uplon 181. Lcwcllcn, Long and 
McConncll161, and Myen. Dill aid Uautisla lY1.l lssucs 
or clarification and implemcnlutioii cun bc found in 
Levy and Samit IS/. 1Tic following papcr cxrcrlds llic 
analysis of lcasc c'o11Imc1s 10 inclutlc c;inwll:rblc olw- 
ating Icascs. 

For exposilional purposes lcasc conirilcL5 cin bc Ji- 
vided into two broad ciltcgorics I )  pure financial 
leaqes and 2) openling lmcs. Purc fin;mcial lcics arc 
Jssumcd lo be perfect subslitutcv fur debt cepilill bc- 
CDUSC lhcy arc no1 cancellable wi\houi.bnnkqtpicy und 
lllcy arc fully u i i w r t i ' ~ ~ .  On tlic olhcr h~iiid, opcriitirig 
leases arc riskier from llic lessor's point of vicw bc- 
cause they may bc cancelled at the option of thc lessee 
and cannot (by I;iw) bc fully amonizd. 

, 

The tirst pan of IIIC papr provides a brief' revie 
thc analysis of purr fin;mcinl knw. The second 
solves the problem of evalualing cancellable 
Icuscs by using Ihc Cox. Ross and Rubi 
noniial opfioti pricing nicllid. From Ihc 
of vicw ;I canccllublc opcmting I& is cqu~vi l  
pure finaiviiil lease minus an Anrrican pul option 
a (non-stocliiutic) declining cxercie price. Thc 
pccid mIc of rcturn on a cmccllublc leavc is show 
be liighcr lhrn Ihc rill: on a pure financial I c e .  

The .Analysis of Pure Financiql Lea 
. Purc linincial Ic;lscs arc ussu11wxl1o bc p 
stitukes Tor debt. Thc lcssce iikcr the kfore- 
mtc, L,. as ai1 input in tnaking (I comprisa 
leosing ;inJ bormwiny. The analysis involvcs #I 
lowing dil'fcrcnlial cush flows: 

' 

n.  A c;lsh swing atnounling lo llic dollar uinounl 
Ilie investmcnl outlay. . I ,  whiek-the firm d 
huvc to incur ir it 1ca.wi. 
b. A cash oulflow niiiounting to I I K p M n l  vi1 
ilic artcr.tnx Iwsc d o l l a ~  which inust be paid 

. 



COPIUND AND WISIONIEVALUATINO CANCELLAILL OPERA1 

i .+ 
' c. The present value of the opporlunily cost of the 

losi depmiation tax sbicld, PV(~~dcp,). 
d. The present value ofthc chutlgc in the inlcrcst lax 
shield on debt which is displaced by lcasc financing, 
PV[r,A(rD,)]; whqc D, is lhc mnxiining principal of 
displaced debt in period I, and r is the coupon ratc. 

These four terms, when discounted at the pmpcr mtc. 
give the net present value (NPV) of the lcrsc contfiict 
to the Icsscc. If the N.PV (to lcssce) > 0 the Iciec will 
be pcccptod. 

NPV (lessce) 3 . 1  - PVKI -Tc)L1 
-Pv ITCdcp,l - PVlr,A(rD,)I. ( 1 )  

-awe this definition of cash flows explicitly in- 
cludes the t a i  shield of displaced debt in thc,numcrator 
ofthe present value equation. thccash flows.should bc 
discounted ,at the bcforc-tnx cost of capil:il. The bc- 
fnre-tnx cost bfddr capital, k,. is rclevanl hcwuse the 
lease contract is a pcrrect substitutc for Jebt.,It has the 

' s q c  risk. Thcrcforc. we have 

I f  correct. this npprnach should show tlic lawee 10 br 
indillercnt to thc contract (i.c.. NPV (lcsscc) = 0) 
when the lessor's minimum lease fce is substituted into 
the equation. The computation is hirly cutnbcrsomc 
hqausc the displaced tnx shield. rIA(rD,), chi~ngc~ 
each period. 

Mycrs ,  Dill andBautista 191 and Levy and Samal I51 
hayeshown that an cquivalent approuch is to account 
fat the Interest tax shield by discounting at the aflcr-tax 
cost or debt and climinating thc third tenn~fmin tlic 
numerator of the' righthand sidc of Equation (2). For 
constant lease paymcnts, Equations (2) and (3) are 
equivalent. : 

Note that from thc lessor's point of view kd is the 
lending rate on debt capital. It is the lessor's wcightcd 
average cos1 ofcapitai. WACC (Icssor), grossed up by 
the Icssor's effective marginal lax 

, 

'For MMI why ths millrinnl cfkctiw h a  ruyIe:nw)r bc dillclrnl 
rmm ihs sorplraiun'r maqinul noniilul iaa n tc  ux MilhT 171 ilnd 
DcAn@ n d  M w l i s  Il l .  , 

WACC( lessor) k, = (I - r,) (4) 

Thercforc, whcn discounting the cash flows of Quo- 
tioii (3) rnlm the Icssor's point or view, wc have 

NPU(to Icsmr) = - I  

wherc WACC(1cssor) = (I - rJke Tile equivalence or 
Equations (3) and ( 5 )  dciiionslntes thal the financing 
dccisioii is tlic samc from either the lesce's or lessor's 
point of view. Also, i t  is worth mentioning that Ihc 
lessce's indiffcrence IO thc contract will result only 
when all terms i n  Qutilions (I) and (5) an symmetri- 
ciil.' Esspccially important arc thc cllectivc (ax rates of 
tljc lessor and'lcssce. Lewcllcn, Long and McConncfl 
161 liuvc shown that with diffcrcnt cflcctivc tax ratcs 
for the Icssorand lcssee the lcnse may have positive net 
prcscnt viilucs for both p r l i c s .  

The Evaluation of Operating Lease 
Contracts 

Opcritiiig Irascr arc different from pum finrtncinl 
hits in two important wuys. First. and most impor- 
t:mt, thcy m y  Ix? ciiiicrllctl :it the option of tlrc lessee. 
Fropi the point ofvicw of thc Icssw, c;ipital cinploycd 
qndcr operating lcusc coiitriicu beconlcs a variublc 
cost (ratlicr thau a fixctl W S I )  becaune thc lcosc may bc 
tcrtniiiictcd (sonictinW rcquiring it penalty tu bc puid) 
and !hc Icascd assct m y  hc rcturiial whencvcr eco- 
nomic conditions woiscn. This is like having quip- 
mciit that can hc laid OW. From the lessor's point of 
view. operating lcascs arc obviously riskicr than finan- 
cjal leclscs. A fin:lnciiil Icnsc. like B Ioun. is swurcd by 
;dl of tlic.firi;i's amts. An opeenling lursc is not. Tlic 
second difrcrciicc lxlwc.cn opcraling and financial 
lcnscs is thulopcrdting leim cnablc thc lcssor to cap- 
tun thcsalviigc valuc.of the mset. 

Thc dunrion'ol':m operating JC~LFC is usually sevcrnl 
.years on busiticss nficc cquipmcnt. computers. build- 
, ings, and trucks. Ilie contracts arc not rcncgotintcd 
during thcir tcrm. Howcvcr. thcy can usually bc can- 
celled ut llic option of thc customer (somctimcs with 
:uld scmctiliics witlmuf pcnelty). For cxuniplc. the 
wording. in  itn 15M coiitr;lcl is: '*. . . thc cuslomcr . , .. 
m y ,  at any timc iiftcr itist;illiition, discontinu; a pri~J.;> 
ccssor complcx unit upon three months prior written 
notice.'or discontinue any other machine or nny field 
reniovnblc I'caturc or request a ficld removable down- 

' 
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grade upon oiic month's writtcn iioticc" lsubjcct t i  thc 
paymcnt of terminition charges]. 

What arc tlr sources of risk to a lcsror who conicin- 
platci extending an opmtiiig Icisc? We shill discuss 
two catcgorics of risk. Tlic first catcgo'y of risk m- 
ftccts fluctuutions in tlic cconoiiiic vrluc of Uic assct 
over t i n r .  llicsc changcs in viiluc rcrult from Ihc UII- 

c a i n  cconomic rutc of dcprcciation of tlic ussct and, 
from general pricc.level and inlcrcst ratc uoccrlainty. 
Theeconomic rate ofdcprcciatisn is dcterniiiml by thc . 
valuc of thc asset in alternative uses and from the 
competition of substitutcs. Changes in valuc will rc- 

This may bc tcrnicd rcplacciiiciu cos! risk. ?IC unccr- 
tninty of tlic salvage valuc of thc ilswt is a spcciul cast 
of this Tii+t calcgory of risks wlu~cd to lhc cconoiiiic 
value of cJic assct. Our intcnt is to dcfinc itplaccinciit 
cost risk as the gencric term lor fluctuiilions in thc 
cmomic.uiuc of thc assct resulting fmia unccmin- 
tics such as obsolesccncc costs and unanticipated. 
changes in Yhc general price lcvcl and 'intcrcst ritcs. 

A second calcgory of risk rclales lo tllc charactcris- 
tics of the lcrsee and wc shall arguc that 'thcy arc of no 
special concern to the lessor. mic  rcason is discusscd 
below.) RCIatcd to tlrc pxfuriituiicc of llw lcssw is a 
revenue risk. This is thc risk Ihrt llic leasue will bc 
c;mcclled because the Icssee's. rcvciiues froni thc ussa 
fall cnough M tliut Ihc prcucnl value of lliu loasc pay- 
menlsexcceds the present value of continued uscof the 
asset. 

Another sourcc of risk mlatccl to thc bchavior of tlic 
lcssce is the risk of defuulf. Dclault is an involuntary 
breach of the lcasc conlract. I t  is coinmon .to both 
financial 1c;wes and opcmting leases. Thcrcfon, wc 
shall nssunie that lhc lessor's lcnding ratc, k,. is al- 
ready adjusicd to conipcnsatc for default risk. 
:The usual approach to the operating lwsc problem is 

to separatc c x h  of the diffcrcnt components of risky 
cash flow and discount them nl tlic "uppropriiilc" risk- 
djustcd discount mtc.'The type of formula often used 
is: 

NPV(to lcssce) = 

' 

flkr obsolescence as wcll as physical dctcriont' . ion. 

. .  

' 

. 

' 

whcrc k: = (1  - q)k4 = tlr aftw-ux cost of. 
debt capital; 

ril = the investinen( tw credit rorgonc by1 
IllC Icssw; 

thc assct wlicn thc lease contractu-. 
pircs.in year N; ~ ' !  

k, = 'llic risk-adjusted after-tax discount;. 
ratc "appmpriatc" to salvage risk: 

r,(MV-BV) = Ihc capilil gains tax on the diffwj 
cnce bctwccn thc salvege value and! 
IIIC book vnluc; ' I  

. ' 0, = the value of opiating maintenance' 
. . in pcriod I; 'i 
k, = tlic risk-iuljusfcd hflcr-tax discount' 

ntc "apprdprialc" t o  the mainte-: 
;'i ni1ncc COSIS. 

Whilcthis :ipproi~ch is uscful in pointing out the dif& 
ent risks lhat exist, thc pnctilionu is forced to usc ad 
hoc 'mlcs of thumb when attcmpting to estimate the: 
various risk-adjustcd discount roles nceded to soh$ 
Equation (6).' Anothcr approach is suggested below;p 

Of thc typcs of risk iiicnlioncd above, only replace;. 
inent cost risk (including salvage valuc dsk) and de-: 
fault risk UT(! bomc by the Iwor. Dcfault risk is comj 
pcwntcd in. ~lic lcnding rate, k,. and shall not 
disccusacd. Rcvcnuc risk is imlevanl to 4hc lessor 
cnu.w it is bonic by tlic Icuscc wl!cii hc iiiukcs 
investment decision. To show why this is so, 
for thc inomcnt that the rcplacemncnt cost an$ 

lesscc may cancel an operating lease if 
value of thc after-tax operating cash flow 

value of llic asct  arc known with 

MV = thc SPlVagC VOlUc: (market value) Of' 

, 

' 

of the laked asset falls below thc present value of 
future leak obligations. Even so. the kssor will be;. 
indilkc.nt to thcchnccllation bccause, given no unc& 
tninty about the rcpliccmcnt or salvigc value of the, 
?SSCI. n lcnsc ctiiitrwt wn always be constructed so 
that the rcplaccincnt value of the asset is equal to tk 
value of thc rcnxtining lease paymcnls. Tho payoffs lo 

1 the lqsaor arc:. 
P:iyoff IO lcssor (givcn: no rcpluccmcst cost risk),:; 

PV (Icusc pnymcnts) if NPV (project) 2 0 = I  PV (assel) if NPV (project) 
Given no rcplaccment cost unccrlainty a cMllract 
writtcn so lliut 

. .  PV (Icasc payments) = PV (asset) 
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, 

for any point in tiine. Thus, the lessor is indifferent to 
rcvcnuc uncertainty." 
. .Givcn the imlcvuiicc: of rcvciiuc uiicerlaiiity, WI: 
can proceed !o discuss the effect of uncerliiin rcpliicc- 
mcnt costs (including uncertain salvage value). Exliib- 
it i shows how the murkct value ofthe lcpscd w e t  may 
change over time. The downwnrd-sloping solid line is 
the cxpccted dcclinc in Ihc assel's valuc due to onlici- 
patcd inflation. wear and tear, and obsolaccncc: Note 
that the value of the asset is expected to decline from 
$1; to m$l,) over the life of the contract, T years. The 
qpccted salvage udue is E&). It is reasonable to 
'mume that the vajue OF the awet.ncvcr fall8 below 
tcm. Given replacement cost unccrtJinty, thc actual 
'value of the asset at any time I* < T inay bc greater or 
less than cipectcd. The particular situation illastrated 
at:P in &hibit *I shows that if the value of the as.sct; 

.'f&'i., fds .  fur enough below ils cxpcctcd villuc, 
&MV+ then the lessee can improve.his position by 
hel l tng  the I-, reluming the leased asset, und 

, w i n g  a more efficient repl~cinciit to do tlic saiiic job 
'a( lower CUSI. +nit uptiutr to teriiiinatc IIIC I C ~ S E  is :in 
'%&can put held by the Icssce.,l'hc value or tlic put 
-will bo implicit in thc lcnsc fccs.' 
rk.Thc prcsent.value of the relevant American put, PA, 
sderived in Appcndix A following thc assumption of 
a binomial stochastic pmcess. (Cf. Cox, Ross and Ru- ' 

':i$wcin 12)). The expected rcplaccinent cost of rhc 
:.iirsct is assuincd tu dccliiic in u straight line ut tlic rate 

". %II poi* is ub made in Miikr MII Upun 181. tirpliiliy. il is 
tW il Urn uigind lulr is nnccllnl t k  kuw i m n n l i l y  

=qui* un 1- *pin. 
' *&me,  1 k ~ w i i i b c r c n U i c h ~ e l u ~ i h k r N i c n u  bylllc 

~ & ~ i i u c s o f ~ ~ ~ u r c ( c a p ~ ~ ~ m d  inihurxmtepmbi~bitiiy 
;diuri&iion). &porr. nlrmnc, Ik ou* nmy &Iim in niu: so llull 
,dr t~ucc wilt raqn ihc ossci. The~lnra ihcn i:w ciilrru) rll ihc 

u markd value o( b) kuu it #pin ai  u tuwcr mc. Uolh pouihili-' 
; Uu uc rclbeKJ in ihc price ul Ilk- Anlcricun pu in Ihc cx MIC 8naIysis. 
:.(* Eqwa 7). 

' . I  

r . 0  

.I... 

. .  

1 .  . .; . 
~. . 
Exhibit 1 .'Replaccmcnt Cost Uncertainly 

6% 

(1-8) in cach pcriud. Fur convenience, we ilSIiuiiie that 
~hclcusc contract i s  writtcii so that tlx prcsciit valuc of 
tlic rciiiaiiiiiig !c:~sc Tees is cquiil tu tlnc cxpccicd re- 
placciiicnt v:iluc of the nsscl in cach tiilic priorl. 
Hence the option is wriltcn at-(he-money. 

I f  the lease contract is written so that the exercise 
price at' the implicit put declines ut a rule slower than 
the cxpcted economic tlcprccialio.n, tlicn.llic prohabil- 
ity of clnccllation increuscs. II there arc any sipnifi- 
cant tmnsactions costs such as installution and removal 
and msulc cxpcnscs, then rrcqucn! cuncellution is un- 
desirable. Theopposite situation occurs when the cxcr- 
cisc price declines faster than cxpcctcd economic dc- 
preciation. Thc likclihopd of corly exercise dccrem 
and so does the implied vnlue of the cancellation fa- 
tun?. If therc an costs to ncgoliating the terms of the 
cnnccllarinn fciiture, thcn the valuc of the cancellation 
option must cxcccd ncgotiation costs. There may wcll 
bc un optimal rclntloiphip hetwccn thc rate of decline 
in tlx cxercisc pricc and the expected economic de- 
ciation dtlx itsscl. No iiiirttcr what it is, Equation (7) 
will ~~mvitle u iiiinicricnl solution fnr t l t e  viiluc of tlic 
American put iinplid in t l l e  c~ncellation clause. 
Modifications iii this assumption da not mstcrially nl- 
tcr tlic form nf tlic option pricing equatitw. Tlrc excr- 
cisc pricc. X. fur the American put written on the 
rcplnceincnt cost of thc asset is  the present value of the 
Icwe payincnts rcpmentcd by the solid line in Exhibit 
I .  Since IIH: lciuc ~iiiyinciits iiicludc repiiyiircnt of thc 
expected cconoriiic dcprcciatjon or the asset. ( 1 4 )  
E(MV,), we have to pricc the valuc or an Amcrican put 
fora casc in which the excrcise price declines at u non- 
stochilstic nile cqtial tu thc cxpcctcd decline in the 
vulpc or the wsct (aniilogous to a non-stochautic divi- 
dcnd pnymcnt). The prescnt value orlhe Antencan put 
is:' 
P, = MAX {X-V. IPPJ + I1-P) Pal + r,) (7) 

whcrc 
P, = MAX {OX-de V, lpPd + (I-p) P,l + r,); 
.Pm = M A X  (@X-uO V, (pP, + (I-p) P,] + r,); 

(rrl)/o + (1-tl) 
P"  

(11-1) - (rrl)/R 
7. (I-p) = . .  

u - d  u - d  
Equation (7) may bo roivcd itcritiycl) in ordcr to pro- 
vide a numerical solution for any Americcin put option 
where tlx exerc'isc price on the option declines at a 
non-stochastic riitc oclutl tu the er n#/e expected de- 
cline in the valuc of tlic :ISSCI. I f  the depnciaiionmtc 
(1-9) is 7 .c~.  then Quation (7) ndu~es  cxuctly to thc 

9 % ~  nniuliw u d  in kpa i icn  (71 ia dauiid in ihe rpyclulir. 
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asset is cxpcctcd to have a three-ycu econoinic life and ., 
' dpprcciiitc an cqual iutmuiit cach ycar (Le., e = .667)... 

kowcvcr, its value may bc 50 percent higher or lower:! 
than expected 81 thc end ,of u givcn yeor (i.c., u =. 
1.50,d = .667,0 = .405).Thelessorliasataxnlcof 
40 pcrccnt and will wrilc a two year Icasc." If tlic Ieurc. 
contrict wcrc n strict financial Ic.zre. it would require a 
IO pcrccnt beforc-tax ratc or return (i.c.. k, = IO%).. 
Thc siilvngc valuc is uiiccrliin and requires a 16% risk1 
dtljustcd mtc of return. For siaiplicity wc ignore capital 
gains taxation on thc sa1v;igc veluc and invcstnicnt lax 
crcdits. Using our prior definitions of thc variable we 
can write the competitive present value of a non-can-. 
ccllablc lc&c to tlrc lcssot as rollows: 

<h 

. nunierical solution of an American put with conslanl 
exercise pricc. dcrivcd hy Cox. Ross iinrl Kuhinstcin 
121. As the aiilicipilcd oconoiiiic lifc of the asset be- 
comes shortcr (Le., as it dcpreciatcs faster), thc valuc 
of the put d c c w c s  rclativc to its countcrpart - titi 
Atncricuii put with lincd cxcirisc pricc. Tlic put irii- 
plied by thc Iusc's canccllatioil clausc diffcrs from a 
regular Anicflcaii put bccausc its cxcirisc p r in  dc- 
creases at a predetermined hlc. Bccausc thc decrcar- 
ing cxcrcirc pricc is linkcd to tlic anticipated CIIC oC 
ccononiic dcprccialiotr. i t  follows ili;it thc put is wmlli 
less as Ihc cxpcctcd lilc of tlic undcrlyiiig ;isset is 
shorter. 

Tile crfcct of thc put on thc lcasc fws will bc to 
increase them with I )  greater uncertainly in thc re- 
placement cost of Ihc lcased wet, 2) dccrci~wi iti thc 
risk-rrce discount ritc. and 3) il lowcr expcclcd mlc of 
depreciation ovcr tho life of ihc ICILVC contriicl. Thc 
first two cffccts arc obvious and the third effect iiiakcs 
sense whcn onc realizes that we arc talking ; t h l  tlic 
marginal change in Iwsc fccs causcd by the caiicclli- 
lion option. 'Ilic lcvcl of l c s c  fees will decrease as tlic 
expected rate of economic depreciation dccreascs. but 
the canccllation option has grcatcr cost lo the lessor its 
the life or the ~ s s c l  incrcnscq. 

An American put writlcn on a lcasc contrdct and 
modclcd as in Equation (7) will cnpturc tlx: voluc of tlic 
canccllation clausc in :in opuiiting lcwc. Thc v:iIuc oI' 
the puf will dcpcnd on the rollowing virinblcs: 

where I = tlic initial cost of tlic lwcd ussct; 
a',,, = tlic instantaneous variance of the nwkct 

value of. tlic IISSCI (for aiiiuel hinominl 
outconics u = c", whcre u is thc annual 
standitrd dcviation of' iissct irturns); 

inaturity T; 

' 

rf = OIIC  IUS thc risk-frcc tilic ror ~ISSCIS d 

T = thc nunibcr of tirnc pcriods beforc the 

X = the iiiitiiil cxcrcisc pricc or tlic option 
option cxpircs: 

( X  = I): 
1-8 = tlic annual ratc of anticipated straight- 

line depreciation in the vnluc of the 
asset. 

The sign ordie pani:il dcriviitivc oftlic valuc of thc put 
with respect to each of tlic variables .is givcn ubove 
Equation (8). 

Thc following nutiicrical cxiimpk shows how Ihc 
lcssor will incrcasc his r c q u i d  lmc payincnls if a 
lcasc contract is cnnccllablc. Assunic th i l  a fl0.OW 

(9); 

.! 
5 

Substituting in the appropriate valucs. and solving for 
the coinpetitivc lciisc fcc wc have 

(I-  .4)L, + .4(3333) 
0 = -10.q3 + c 

t = I  . [1-(1-.4).10]' ' 

3333 
(l.I6)l 

+ 

0 = - 10,ooO + .6L,PVIF, (6%. 2 y r ~ . )  
+ .4(3333)PVIF, (696, 2 yrs.) + 3333(.743). .! 

0 = - IO.000 + $L,( 1.833) + .4(3333) (1.8339 
+ 3333(.743) 

L, = $4.619 . . 
.j 

: E  

NCXI. wc wnt to dctcrininc ticcornpctitive ICIISC 
menis nssuming that I l a  above conmcl is a.caimlla 

tnctiiig the p k n t  vuluc of Ihc American put option. The 
operating Icasc. Equation (9) tiiusl bc modified by 

ncw valuation cquacion is :; 

.tIu cawetlaliun clause. 
..- 
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The value of thc put (per dollar valuc of thc assel) is 
given in ExhibitA-4 as .085. Solving [or thc oprating 
l W C  fcc wc lrwc 

(I - .4)L', + .4(3333) 0.;. - 10,000 + C 
I=! (I +.(I- .4). IO)' 

+ 3333 - :oxs(1o.o0O) 
(1.16)' 

0 - l0,aob + .6L', (1.1133) + ,4(3333):(1.833) 

f 3333(.743) - 850 ' 

'L', = 15,392 

The lease fee has increased considerably lo rellecl the 
ektra risk o[ possible early cancellation of the opcnt- 
.jng lase. 
''. Ifb lessee tukcs the lense fcc as an input and triCg to 

. 'qmpuie an internal rate of return (IRR) on thc contract 
Viithout considering the Ailuflculi put. thcn tlmn: will 
&5 a considerable upward bias in the IRR. Using thc 
.'&ovc Icuc fcc Ihc coniput;itiai w~luld hc 

, .  * (1-.4) (5392) + .4(3333) 
(I + IRRY 0 = 1o.OOo + J, . .* 

, .  
: 0 5 10,OOO - 4568.4PVl~, (IRK%. 2 yrs.) 

- 2476 

PVIF, (IRR%. 2 yrs.) = -7s24 = 1.647 
-4568.4 

I .. . IRR 14% . .  
, ?he management of the lessee firm would be mistaken 
: tocompare the 14 percent before-tax rnte of return with 
the 10 percent before-fax cost oldcbf capital. The two 
'rates are not comparnblc bcci~usc thc c;iaccllablc opcr- 
sting lea= is riskier thnn ils non-canccllablc financial 
.kuc counterpart. 
. Frequently the lcasc may be cancclled only if a 
',lumpsum penalty. F. is paid to thc lcsrcc. The pcnnlly 
reduces the value of the canccllation clause for thc 

lcssec. NumcricPlly, the cffcct of the penalty Can Lx 
csdmalcrl by sublmcling thc fcc froin the cxcrcise pricc 
in Fqlcfiiticiii (7). This is shown hclrrw wherc P: is tlie 
pmcnl valuc of the cancellation chusc given a cancel- 
lation fec, I;: 

1': = MAX((X-F) 

Summary 
If thc Icwc is il pun: financial law,  it is a pcrfecl 

substitutc Ibr debt and wc show that thc appropriate 
discouiil nitc fur thc lensing m..h flows (belorc interest 
churgcs) is tlic allcr-tax cost o l  dcbl capital. On Ihc 
othcr hand, it' the lease conlract is a cancellable opent-. 
ing Icasc, i t  is not ii pcrreci substitutc lor debt capital 
and soinc Iiighcr discount nitc is appropriate. This rauu 
iiiay k obtained by lirsl computing thc ]~mscnt voluc 
of an Amcricrn put will1 an exercise prim that declines 
at the wnie ntc as tlic cxpcctcd dccline in thc market 
value of thc lensctl UW. 'Ilic declining exercise price 
is necersniy so that at iiny timc the cxpctcJ valuc or 
the Futurc: lciisc paynicnts is q u a l  tu the cxpeclcd mdr- 
'kct valuc of tlic dcprecialing nssct. An example shows 
I ~ : I I  Ihc inamel riitc of return on an olrrating lmsc will 
be gwrtcr d n n  on.thc coni@i:ible pure financial Ic~I . .~ .  
I4owevcr. tlie npparciit highcr iiitcrnal rate reflects the 
value of thc put includcd in thc edncellafion cl~iiae of . 
an opcroting Ici~sc. 
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